Memo on Cerenkov project

From: Simon Swordy

4/13/04

First off I think we need a name for this thing – mainly because Rich Northrop, our mechanical engineer, is goading me into continuing to call it Project-X, which sounds a little too close to Roswell for my liking(!). I propose adopting the name Scott created many months ago – TRICE. Standing for “Track Imaging Cerenkov Experiment”. 

Instrument Design
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Below is a conceptual design by our mechanical engineer, Rich Northrop, of the TRICE experiment.

[image: image2.jpg]


The first cut at a mechanical design of this thing is shown in the drawing at the left. Basically anything you see here that looks like a beam is steel. The top mirror plate is an aluminum honeycomb sandwich. The camera is the red box at the center.

Night Sky Background
The night sky background for TRICE comes down to what m^2 sr of the night sky is viewed by each pixel. This is a combination of the large area mirror segments and the fresnel lens. Here this is dominated by the large mirror. The approximate solid angle viewed by one pixel is 2.3x10^-6 steradian and mirror area is ~6 m^2. Taking the night sky flux at a dark site as 2x10^12 photons/m^2sr s (from review of Ong) and q.e. of 0.20 we get number of p.e. per second per pixel as:


N/s = 0.20x2.3x10^-6x6x2x10^12  ~ 6x10^6  or ~ 1 every 160ns
Since the site probably will not be that dark, (etc, etc) we should realistically expect about 1pe every 50ns or so. This does not account for stray local light sources, also scattered (as opposed to focused) light from the fresnel lens could be a problem.

This also means a single tube will probably have a rate of about 64 times this or ~1 p.e./ns from the night sky.

Simulations
The rest of this memo is about the simulations runs. The basic source code for this simulation is called tele3.f, this is a g77 code which uses cernlib to book an ntuple of photons hitting the detector. It consists of a general loop which reads in photon properties (directions, etc) and tracks by ray tracing through the detector shown above. A flag is set for photons which have various fates. These are detailed in comments in the code – but the main ones of interest are ic=2: photons which bounce off the main spherical mirror and image onto the camera plane, and ic=3: photons which image onto the camera plane through the fresnel optic.
The program is currently setup to read ascii file lines with the following format: x, y, t, dcosx, dcosy, wp – which specify where, when, and at what angle a photon enters the system and the `weight’ (how many photons). It starts them from a plane level with the top optic.  
Scott has generated some showers with Corsika providing this output. Some result are shown below with comments. All these events were vertical with a shower core located 80m from the detector center.
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Focal plane images of photon hits for 100TeV iron nucleus (top) in the (right) high resolution (spherical mirror ic=2) mode and (left)fresnel  (ic=3) mode for this shower.

The bottom pair of images shows the same thing for a 100 TeV Neon nucleus.
Below is the same thing for  10TeV Fe nucleus (top) and 1PeV Fe nucleus (bottom)
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Below are the timing histograms for the arrival of these photons from 100TeV Fe (top) and 10TeV Fe (bottom). The early peak is from photons which pass through the fresnel the later peak from the spherical optic/mirror path. There is ~40nS separation between these. Also the light from the 10TeV particle seems mostly from direct cherenkov – so it tends to fall later in this plot. Light produced at higher altitudes arrives later because the shower front is basically `super-luminal’.
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Below are the effects of data cuts in bringing out the direct cerenkov signal. This is for the 100TeV iron signals shown earlier. The solid curve is a simple histogram of the light along the x-axis (horizontal in the initial image pictures). The dashed curve shows the addition of a cut which requires the y-coord of the photon lies within +-3mm of the [image: image6.png]015
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shower symmetry axis (our pixels are about 5mm in size). The dotted curve requires photons arrive after 41ns in the plot shown above – i.e. late arrivals are selected. Clearly the direct cherenkov signal stands out near x = 0.015.
Same thing for 100 Neon – obviously direct cherenkov signal is weaker here (by [image: image7.png]015
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(10/26)^2 ~ 0.15. Still almost visible though!!

Also 10TeV Fe – this direct cherenkov looks weaker because it is closer to cherenkov threshold in air (?) I don’t know this is quantitatively true yet……….
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And 1 PeV Fe – difficult to get this out of the mud here………
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Bottom Line: I’M PUMPED!!
